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Abstract 
This paper develops and tests a model to predict small and medium enterprises (SMEs) 
financial distress based on empirical evidence from Thailand. A sample comprising 198 
financial statements of non-financially distressed and 68 statements of financially distressed 
SMEs were used. A parametric t-test was conducted to establish differences between 
financial characteristics of the two groups of SMEs. Results show statistically significant 
differences (t values significant at .001) between the two groups of SMEs in the financial 
ratios used for the study. Discriminant analysis was then conducted to develop a model for 
predicting the likelihood of an SME experiencing financial distress. The model hits an 
accuracy level of 97 percent, which compares favourably with the probability of accurate 
classification by chance (i.e., 65 percent after adjusting for the unequal sample sizes of the 
two groups of SMEs). A test of the model with a new sample shows the validity of the model 
beyond the original sample, confirming that Thai SME financial distress is amenable to 
prediction to a statistically significant extent. The model is expected to serve SME managers 
and creditors in assessing financial health of SMEs before making important decisions. The 
results are also expected to inform policymakers in formulating economic policies concerning 
SMEs. 
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Introduction 
 
Financial stability of small and medium enterprises (SMEs) has been a major concern for 
policymakers and the business community owing to the substantial role of SMEs in many 
economies worldwide (Altman & Sabato, 2007). Further to the substantial direct and indirect 
costs of business failure in general (Branch, 2002; Ross, Westerfield, & Jordan, 2008), SME 
failure implies a high probability of both personal and business bankruptcy and subsequent 
liquidation. The direct costs of bankruptcy and liquidation also fall heavily on small 
enterprises compared to large firms (Holmes, Hutchinson, Forsaith, Gibson, & McMahon, 
2003; Ross et al., 2008). The significance of this sector and the ostensible interest to decipher 
and prevent occurrence of SME failure make the topic worthy of substantial research 
attention. While predicting business failure has generally been a major concern for several 
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decades (Ahn, Cho, & Kim, 2000), little research attention has been afforded to this topic in 
the context of SMEs (Altman & Sabato, 2007; Altman, Sabato, & Wilson, 2008).  
 
SME financial distress prediction models could provide significant utility to creditors in 
making proper risk assessment before providing loans because SMEs are generally riskier 
than large corporations (Dietsch & Petey, 2004; Saurina & Trucharte, 2003). Extant financial 
distress prediction models, being focused on large corporations, are not suited to SMEs as 
SMEs exhibit risk characteristics that differ from those of large corporations (Altman & 
Sabato, 2007; Dietsch & Petey, 2004). The availability of little public information about 
SMEs (Collins, Kothari, & Rayburn, 1987; Deegan, 2009; Freeman, 1987; Godfrey, 
Hodgson, Tarca, Hamilton, & Holmes, 2010; Hayn, 1995) is a major contributor to this 
dearth of research on modelling SME distress.  In view of this, accounting information, 
which is usually the only publicly available information about smaller firms (Collins et al., 
1987; Deegan, 2009; Freeman, 1987; Godfrey et al., 2010; Hayn, 1995) could serve as a 
useful basis to develop models for predicting SME financial distress.  
 
Empirical research shows that accounting information for SMEs possesses greater 
information content than that for large corporations because decision makers have little 
alternative sources of information regarding smaller enterprises (Collins et al., 1987; Deegan, 
2009; Freeman, 1987; Godfrey et al., 2010; Hayn, 1995). Market-based and behavioural 
accounting theory literature shows the usefulness of accounting information in decision 
making (Deegan, 2009; Godfrey et al., 2010). It is argued in this paper that financial ratios in 
isolation provide limited utility in guiding judgement in decision making.  Instead, SME 
distress prediction models built on the basis of financial information will offer significant 
practical value by assisting stakeholders to make informed judgements utilising several 
dimensions of financial information in combination. 
 
The significance of such a model of SME financial risk in the context of emerging economies 
like Thailand is clearly evident as substantial proportions of businesses in such economic 
settings are SMEs (Bàkiewicz, 2005). With this understanding, this study develops and tests a 
model to predict SME financial distress based on sample financial statements of financially 
distressed and non-financially distressed Thai SMEs. The following section of the paper 
provides a background about the study and outlines its motivation. Section three reviews the 
literature and develops research hypotheses. Section four outlines the research methodology, 
which is followed by model development and testing in section five. Section six discusses the 
results and then, section seven concludes the paper. 
 
Study background and motivation 
 
SMEs play a significant role in economies worldwide. For instance, SMEs constitute over 97 
percent of the total number of firms in member countries of the Organization for Economic 
Cooperation and Development (OECD). Likewise, SMEs comprise 99.7 per cent of all 
employers, provide approximately 75 per cent of the net employment positions added to the 
economy, and employ around 50 per cent of the private workforce in the United States of 
America (Altman & Sabato, 2007). Furthermore, the number of small enterprises is generally 
increasing as opposed to large enterprises which are decreasing (Hutchinson & Michaelas, 
2000).  
 
Consistent with this general notion, SMEs are fundamental units of the Thai economy 
constituting over 99 per cent of total number of enterprises in the Country (Office of SMEs 
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Promotion, 2007) [1]. The significance of SMEs in job creation and stimulating economic 
growth in Thailand has been recognised (Bàkiewicz, 2005; Veskaisri, 2007) and thus the 
issue of sustainability of SMEs is increasingly becoming a central policy agenda. Although 
the Thai Government recognised the significant role of SMEs and implemented policies to 
enhance capability of SMEs, the problem of SMEs failure remains persistent. The committee 
for the Promotion of SMEs summarised obstacles faced by Thai SMEs in four main 
categories: limited access to finance, loss of competitive advantage, lack of good corporate 
governance, and insufficient support from the government (Office of SMEs Promotion, 2006, 
2007). 
 
Particularly, the financial aspect of SME failure has attracted significant policy attention in 
Thailand since the financial crisis of 1997. During this crisis, the percentage of Non-
Performing Loans (NPLs) to total credits of the country’s financial system hit its highest (i.e., 
47.7 per cent) in the country’s history (Bank of Thailand, 2008). The crisis has triggered the 
Thai Government’s greater concern for economic recovery and growth (Bàkiewicz, 2005; 
Swierczek & Ha, 2003). The Thailand Ninth National Economic and Social Development 
Plan (2001 – 2006) (Office of The National Economic and Social Development Board, 2001) 
emphasized the concern for economic development, which engendered a focus on SMEs 
development. The Government through the Office of SMEs Promotion (OSMEP) formulated 
the 1st SMEs Promotion Plan (2002 - 2006), which focused on resolving the effects of the 
economic crisis and supporting revival of SMEs. When the Plan’s term ran out, OSMEP drew 
up the 2nd SMEs Promotion Plan (2007 - 2011) which was formulated in accordance with 
other related plans mainly with the 10th National Economic and Social Development Plan 
(NESDP) (2007 - 2011) in which the Thai Government has been continually advocating the 
concept of a “sufficiency economy” (Office of The National Economic and Social 
Development Board, 2007). 
 
Despite the recent emphasis on SMEs, the Thai SME sector received little research attention 
(Bàkiewicz, 2005). SME financial distress prediction models can help business managers as 
an early warning mechanism and creditors to assess financial risk of SMEs in making credit 
decisions. Such models also serve other decision makers to understand financial profile of 
businesses (Ahn et al., 2000) and inform policymakers by highlighting key priority areas. 
Against this background, this study develops and tests a model to identify SMEs financial 
distress. The following section presents a literature review and develops the research 
hypotheses. 
 
Literature review and hypothesis development 
 
Identifying SMEs 
 
This study adopts a hybrid definition employed in Thailand to identify SMEs using a 
combination of criteria. SMEs are variously identified in different countries, mostly based on 
total assets, total fixed assets, sales volume, the number of employees, or a combination of 
these criteria. In the manufacturing business sectors of Australia, for instance, small 
enterprises are those that employ less than 100 people, whereas those that employ between 
100 and 200 people are classified as medium enterprises (Holmes & Kent, 1991; Meredith, 
1982). The United States of America classifies businesses as very small enterprises if they 
employ less than 20 people, small enterprises if they employ between 200 and 100 persons, 
and medium enterprises if they employ between 200 and 500 people (Office of Advocacy, 
1984). China, Indonesia, Japan, Korea, Malaysia, and Singapore employ a similar criteria of 
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number of employees with differing levels of employment sizes being used as cut off points 
(Khader & Gupta, 2002). Altman and Sabato (2007) considered businesses with a sales 
volume of less than US$ 65 million as SMEs based on the definition suggested by the new 
Basel Capital Accord.  
 
The European Commission, whose definition is adopted by many countries and which 
focuses on the need for companies to acquire funding as set out in 2003/361/EC of 6 May 
2003 (OJ L 124, 20.5.2005, p.36), recommends that a small and medium-sized enterprise is 
an enterprise which employs less than 250 staff and has an annual turnover not exceeding 50 
million Euros (EUR) and annual balance sheet total not exceeding EUR 43 million (European 
Commission, 2003).  
 
In Thailand, SMEs are categorised into production, service and trading firms. They are 
classified as medium or small enterprises based on both number of employees and the amount 
of fixed assets (excluding land) (Institute for Small and Medium Enterprises Development, 
2006). For example, businesses in the production and service sectors are classified as small 
enterprises if their assets are not more than Thai Baht (THB) 50 million and employ not more 
than 50 people. They are classified as medium enterprises if the assets are between THB 50 – 
200 million and employ between 50 -200 people [2]. Businesses in the wholesale trading 
sector are classified as small enterprises if their assets are less than THB 50 million and 
employ no more than 25 people and as a medium enterprise if assets are between THB 50 – 
100 million and employ between 26 – 50 people. However, if the number of employees and 
the value of fixed assets place the firm in both categories, i.e. either small or medium, the 
lower of the two determines how the enterprise should be classified.  
 
Financial distress prediction and financial ratios  
 
Business failure ‘refers to a company ceasing its operations following its inability to make a 
profit or to bring in enough revenue to cover its expenses’ (The Farlex Financial Dictionary, 
2011). Evidence of business failure may come in many different forms including large 
amount of liability, default, bankruptcy, business termination, and liquidation (Kraus & 
Litzenberger, 1973). The Farlex Financial Dictionary (2009; 2011) defines bankruptcy as: 
...a legal declaration that one is unable to pay one's debts and thus needs to have debts forgiven 
or reorganized. That is, bankruptcy is a legal proceeding in which a person or corporation has 
become insolvent, and therefore cannot pay his/her/its obligations. Most of the time, the person 
or corporation files this declaration with a bankruptcy court, though in some cases the creditors 
may do so themselves. 
 
Financial distress, which arises ‘when promises to creditors of a company are broken or 
honoured with difficulty’ (The Farlex Financial Dictionary, 2011), is one possible reason for 
bankruptcy. Bankruptcy may not always end up with liquidation since not every firm having 
financial difficulties always goes bankrupt and closes down business. Some firms 
experiencing financial difficulty may carry on their business by attempting to survive their 
adversities (Bernanke, Campbell, Friedman, & H., 1988). Bernanke et al. (1988) argue that 
the most important costs are near-bankruptcy costs because firms that are close to bankruptcy 
may be unable to borrow from financial institutions or suppliers on reasonable terms to take 
advantage of productive opportunities. This will eventually add incentive for the firms to 
become even closer to bankruptcy (Bernanke et al., 1988). 
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Financial ratios are useful tools that have been employed in numerous studies to identify 
financial difficulties of businesses (Altman & Sabato, 2007). A firm’s aggregate level of debt 
is a good starting point to assess business stability. In particular, high levels of debt tend to 
create real costs both at micro- and the macro-economic levels (Bernanke et al., 1988) with 
direct and indirect consequences. Firms with high levels of debt are more likely to be unable 
to run their businesses under favourable terms and conditions and may become bankrupt and 
ultimately terminate operations. The consequences are enormous both to the business itself 
and the macro economy as a whole. The seriousness of the negative consequences of high 
levels of firm’s debt engenders a high level of attention to the level of a firm’s debt. Yet, it 
has not always been easy to determine what optimal proportion of debt and equity would 
enable business to survive (Warner, 1977).  
 
This difficulty of determining financial soundness of an enterprise using a single ratio implies 
the need to consider various ratios in combination. Aside from long-term debt, small firms 
generally tend to be less liquid and more highly leveraged than large firms and exhibit low 
profit margins. Financial characteristics of financially distressed firms are even more extreme 
with low liquidity, high leverage and with low or negative profit. Thus, financially distressed 
firms tend to exhibit low liquidity and high levels of long-term debts (Davidson & Dutia, 
1991). Financial ratios tend to consistently distinguish between financially healthy and 
distressed firms (Jackendoff, 1962). The current ratio (Current assets / Current liabilities) and 
the working capital (Current asset – Current liabilities) to total assets and net worth (Assets - 
Liabilities) to total debt ratios of profitable firms are generally high (Jackendoff, 1962).  
 
Several studies have developed statistical models to predict business failure using various 
approaches (Altman and Sabato, 2007). While most of these studies focused on large 
corporations, a few studies, e.g., Altman and Sabato (2007), developed models for SME 
failure prediction using financial ratios. Discriminant analysis is one approach employed to 
develop a financial distress prediction model. From a statistical perspective, the literature, 
e.g., Huberty (1994) and Hair, Anderson, Tatham, and Black (1998), shows that such 
statistical models are considered as having acceptable prediction accuracy if the probability 
of correctly classifying the firms into failed and non-failed is greater than the classification by 
chance, which is 50 percent when equal sample sizes are used for the two groups.  
 
This study’s major premise is that financial ratios in isolation fail to provide sufficient basis 
for making informed judgement about SME failure. Accordingly, we develop and test a 
multiple discriminant analysis model to distinguish between financially distressed and non-
financially distressed SMEs using three categories of financial ratios: liquidity, leverage and 
profitability. Thus, the following research hypotheses are pursued: 
H1. There are significant differences in liquidity, leverage and profitability ratios of 
financially distressed and non-financially distressed Thai SMEs. 
H2. A discriminant analysis model with measures of liquidity, profitability, and 
financial leverage classifies Thai financially distressed SMEs and non-financially 
distressed SMEs more accurately than a possible classification by chance. 
 
The first hypothesis enables us to test differences between individual financial ratios of 
financially distressed and non-financially distressed SMEs. The second hypothesis relates to 
developing and testing an SME failure prediction model by taking several ratios into account. 
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Method 
 
Model development sample 
 
The definition of SMEs in Thailand explained in the previous section is used as a basis for 
the purpose of identifying the population for sampling. Then, a more operational approach 
was followed to make the best use of available data in Thailand because information 
regarding SMEs’ number of employees and fixed asset size are not available. Therefore, asset 
size is used as a criterion to classify the size of businesses in this study. This is done by 
adopting the recommendation of the European Commission that the annual balance sheet (or 
total assets) should not exceed EUR 43 million (European Commission, 2003), which is THB 
2,000 million, to be classified as a small and medium-sized enterprise. Using this criterion, 
firms with total assets not exceeding THB 2,000 million at year end were classified as SMEs. 
 
A total of 266 financial statements of SMEs were used comprising those of 68 financially 
distressed and 198 non-financially distressed enterprises. The list of the distressed firms was 
obtained from the website of the Legal Execution Department, Ministry of Justice, Thailand 
(http://www.led.go.th) (Legal Execution Department, 2008). Thai SMEs that applied to the 
Thai Bankruptcy Court, the Central Bankruptcy Court and the Civil Court during the period 
2002 – 2005 was used in selecting financially distressed enterprises with assets below BHT 
2,000 million. SMEs in the sample may or may not have ceased operations following the 
bankruptcy because the future of these firms would depend on factors such as the progress of 
their loan restructuring and plans for improving their performance. Sixty-eight set of financial 
statements, i.e., balance sheets and income statements, of financially distressed SMEs were 
complete and usable.  
 
Sample financial statements of non-financially distressed (NFD) SMEs were collected based 
on the online information in which the Department of Business Development (DBD) 
announced top 100 profitable enterprises (including large enterprises) during the four years 
covered by the study. These statements were obtained from the website of the DBD, the 
former Ministry of Commerce, Thailand (http://www.dbd.go.th) (Department of Business 
Development, 2008). After identifying SMEs using the criteria explained earlier, 198 
financial statements of non-distressed SMEs were considered complete and usable for the 
study. To avoid a possible sampling bias and to be consistent with the approach we used for 
selecting financially distressed (FD) SMEs, we used all financial statements of SMEs listed in 
the top 100 firms during the four year period. 
 
Model testing sample 
 
After developing the model, a new sample with three different sets was used to test the 
model’s reliability. The first set comprises of 20 non-financially distressed firms (NFD) 
based on DBD ranking for 2009. The second set comprises of 20 new data sets of the FD 
SMEs that were used in developing the model. The new financial data of these distressed 
firms were selected using random sampling, for the years 2006 – 2008. The third set 
comprised of 25 new financially distressed firms (i.e., not used in developing the model) 
which filed for bankruptcy after 2006. A total of 65 new cases were then taken in the study to 
testing the effectiveness of the model developed.  
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Variable definitions 
 
The nine independent variables, most commonly used by previous studies, were used in this 
study classified into liquidity, leverage, and profitability (Table 1). These ratios are outlined 
below: 
i) Liquidity refers to how quickly and cheaply an asset can be converted into cash, i.e., the 
ability of current assets to meet current liabilities when due. 
ii) Leverage, also known as gearing, refers to the use of debt to supplement investment, or the 
degree to which a business is utilizing borrowed money. 
iii) Profitability refers to the ability of a firm to generate net income. 
In the three categories, ratios that are applicable to all selected companies in the sample were 
chosen.  
 
Table 1: Variable definition 
 
Measure  Calculated as: 
Liquidity Measures  
1. Current assets to total assets 
ratio (CATA)  
the amount of cash, account receivables, bills, inventory 
and other current assets as a percentage of total assets. 
2. Current liability to total assets 
ratio (CLTA)  
the amount of account payables, and other short-term 
liability as a percentage of total assets. 
3. Working capital to total 
assets ratio (WCTA)  
the current assets less current liability as a percentage of 
total assets. 
Measures of financial leverage  
4. Long-term liability to total 
assets ratio (LLTA) 
the amount of long-term liabilities as a percentage of 
total assets. 
5. Total liability to total assets 
ratio (TLTA) 
the amount of short-term and long-term liabilities as a 
percentage of total assets. 
6. Debt to equity ratio (DE) the amount of debt divided by equity. 
Profitability measures  
7. Total income to total assets 
ratio (TITA) 
the amount of total core and other income as a percentage 
of total assets. 
8. Earnings before interest and 
tax expenses to total assets 
ratio (EBITTA) 
all earnings before interest and tax expenses as a 
percentage of total assets. 
9. Earnings after interest and tax 
expenses to total assets ratio 
(EAITTA) 
all earnings after interest and tax expenses as a 
percentage of total assets. 
 
 
Results 
Hypothesis 1: test of differences in financial ratios 
Comparison of descriptive statistics of financial ratios of FD SMEs and NFD SMEs for the 
years 2002 to 2005 are presented in the Table 2. The variables of interest are the ratios that 
relate to current liabilities, long-term debts, and profitability. Comparison of mean financial 
ratios for the two groups of SMEs shows that FD SMEs have lower liquidity, higher leverage 
and lower profitability than NFD SMEs. This is consistent with the theoretical expectation 
that non-financially distressed companies exhibit higher liquidity, greater profitability, and 
lower levels of debt. The distressed firms had a great deal of liabilities which were greater 
than their assets. Table 2 shows total liability to total assets (TLTA) and long-term liability to 
total assets (LLTA) ratios were over 100% for financially distressed SMEs, which resulted in 
distressed firms having negative equity (i.e., DE ratio greater than 1). In ideal circumstances 
liabilities would be kept under total assets, and equity exceeds debt. 
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Table 2: The financially distressed and non-financially distressed SME's 
comparative descriptive statistics  
Unadjusted data (including outliers): 68 and 198 cases 
 FD-SMEsa NFD-SMEs 
Variable Mean 
 
Standard 
deviation 
Mean 
 
Standard 
deviation 
Liquidity     
1) CATA 42.7767 27.2799 74.5769 22.8795 
2) CLTA 181.2193 284.9622 35.3731 25.6533 
3) WCTA -138.4425 284.7850 39.2038 25.6775 
Leverage  
4) LLTA 127.6539 141.4268 9.2409 18.8229 
5) TLTA 308.8732 314.2915 44.6140 27.3539 
6) DE -2.7720 5.0929 1.7015 2.2858 
Profitability  
7) TITA 68.3250 88.0032 204.5765 174.4987 
8) EBITTA -12.1419 44.9312 17.2358 18.0897 
9) EAITTA -28.3778 63.8593 11.9151 13.3085 
Adjusted data (excluding outliers):48 and 169 cases 
Liquidity     
1) CATA 41.1852 24.3071 72.8132 21.3070 
2) CLTA 112.8610 122.3599 36.4594 23.5328 
3) WCTA -71.6757 121.1640 36.3538 21.8727 
Leverage  
4) LLTA 133.0841 136.2416 8.1372 15.3118 
5) TLTA 245.9451 191.0973 44.5965 25.1607 
6) DE -2.7121 5.7860 1.5212 1.9527 
Profitability  
7) TITA 73.5552 72.32278 258.2142 245.9555 
8) EBITTA -11.2991 42.27297 14.9513 11.6308 
9) EAITTA -21.4424 45.67520 10.2518 8.8585 
 
The study tested the statistical significance of the differences between financially distressed 
SMEs and non-financially distressed SMEs. Parametric t-tests were conducted on the nine 
variables to identify statistical significance of the differences between the financial ratios for 
the two groups of SMEs in the sample. The tests show results that match our expectations 
(Table 3) in that the variables exhibit statistically significant differences for both parametric 
and non-parametric tests at a 0.1% level of significance. The financially distressed SMEs 
exhibit lowed liquidity, higher leverage and lower profitability than non-financially distressed 
SMEs. Thus, the test of differences shows that there are significant differences in liquidity, 
leverage and profitability ratios of financially distressed and non-financially distressed Thai 
SMEs. 
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Table 3: Comparative parametric (T-Test) results of FD-SMEs and NFD-SMEs 
 Parametric t-testc 
 t value Sig. 
(1-tailed)d 
Result 
 
Liquidity of FD-SMEs is less than that of NFD-SMEs 
 
 
1) CATA of FD-SME    < that of NFD-SMEs -8.791 0.00 *** 
2) CLTA of FD-SMEs   > that of NFD-SMEs 4.303 0.00 *** 
3) WCTA of FD-SMEs < that of NFD-SMEs -6.149 0.00 *** 
 
Leverage of FD-SMEs is greater than that of NFD-SMEs 
 
 
4) LLTA of FD-SMEs  > that of NFD-SMEs  6.342 0.00 *** 
5) TLTA of FD-SMEs  > that of NFD-SMEs 7.282 0.00 *** 
6) DE of FD-SMEs      < that of NFD-SMEs -4.989 0.00 *** 
 
Profitability of FD-SMEs is less than that of NFD-SMEs 
 
 
7) TI of FD-SMEs       < that of NFD-SMEs -8.546 0.00 *** 
8) EBIT of FD-SMEs  < that of NFD-SMEs -4.257 0.00 *** 
9) EAIT of FD-SMEs  < that of NFD-SMEs -4.782 0.00 *** 
c Unadjusted and adjusted data were put into the parametric t-test.  The results of t-value in both set of data were giving the same 
direction and every ratio was resulting in statistical significance at   0.1% level.  The adjusted data therefore was selected to show 
in table 4. 
d Sig. (2-tailed) divided by 2 
*** Significant at  .1% level  
 
Hypothesis 2: SME failure prediction model development and testing 
 
Having established that the differences in financial profiles between the two groups of SMEs 
are statistically significant, a distress prediction model for Thai SMEs was developed and its 
accuracy assessed. A multiple discriminant analysis model was developed for Thai SMEs in 
the sample with a view to classifying the firms into financially distressed and non-financially 
distressed categories. Two approaches are used in selecting variables for the model: 1) using 
all variables; and 2) selecting variables based on correlation results. Using the first approach,  
i.e., incorporating all the nine variables into the model, long-term liability to total assets 
(LLTA) and Working capital to total assets (WCTA) ratios did not pass the tolerance criteria 
(i.e., the minimum tolerance level of 0.001, see Hair et al (1998)). This indicates that some 
variables are likely to exhibit non-normal distributions and also multicollinearity. Therefore, 
the second approach is employed to closely examine correlation results and select variables 
for the model with a view to excluding some of the highly intercorrelated variables (Table 4).  
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Table 4 Correlations matrix of all variables 
Variables CATA CLTA WCTA LLTA TLTA DE TITA EBITTA EAITTA 
CATA 1         
CLTA -.066 1        
WCTA .406** -.940** 1       
LLTA -.256** .336** -.396** 1      
TLTA -.208** .776** -.783** .855** 1     
DE .371** -.089 .209** -.200** -.183** 1    
TITA .324** -.085 .189** -.212** -.189** .198** 1   
EBITTA .185** -.430** .458** -.305** -.442** .113 .265** 1  
EAITTA .225** -.506** .541** -.354** -.516** .153* .244** .980** 1 
 
** Correlation is significant at the 0.01 level (2-tailed) 
 * Correlation is significant at the 0.05 level (2-tailed) 
 
After excluding the highly related variables, the correlations were reassessed to ensure the 
variables exhibit acceptable correlations (Table 5).  
 
Table 5 Correlations matrix of the selected variables 
Variables CATA WCTA LLTA DE TITA EBITTA 
CATA 1      
WETA .403** 1     
LLTA -.256** -.396** 1    
DE .371** .209** -.200** 1   
TITA .324** .189** -.212** .198** 1  
EBITTA .185** .458** -.305** .113 .265** 1 
** Correlation is significant at the 0.01 level (2-tailed) 
 
Eventually six variables were selected into the analysis: Current assets to total assets ratio 
(CATA), Working capital to total assets ratio (WCTA), Long-term liability to total assets 
ratio (LLTA), Debt to equity ratio (DE), Total income to total assets ratio (TITA) and 
Earnings after interest and tax expenses to total assets ratio (EAITTA). After choosing the 
variables into the discriminant function, the firms are then classified as distressed or non-
distressed on the basis of the D-scores. Table 6 shows the classification matrices for the 
multiple discriminant analyses, which shows the results of the two approaches, i.e., taking all 
variables and using selected variables, in terms of the resulting classification matrices. 
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Table 6  Classification matrices for the multiple discriminant analyses 
  Predicted Group Membership 
  Distressed Non-distressed Total 
All variables    
 Distressed firms 91.70 8.3I 100.00 
 Non-distressed firms 0.00II 100.00 100.00 
 Total 100.00 100.00 100.00 
 % of original grouped cases 
correctly classified 98.20
*   
 % of cross-validated grouped 
cases correctly classified 97.70
*   
 Eigen value = 2.165   
 Canonical correlation = .827   
     
 D1 =  -0.881 + 0.021 CATA – 0.006 CLTA – 0.009 LLTA + 0.15 DE + 0.001 TITA – 0.014 
EBITTA + 0.026 EAITTA 
  
Selected variables    
 Distressed firms 89.60 10.40I 100.00 
 Non-distressed firms 0.60II 99.40 100.00 
 Total 100.00 100.00 100.00 
 % of original grouped cases 
correctly classified 97.20
*   
 % of cross-validated grouped 
cases correctly classified 97.20
*   
 Eigen value = 2.139   
 Canonical correlation = .826   
     
 D2 = -1.021 + 0.015 CATA – 0.01 LLTA + 0.007 WCTA + 0.154 DE + 0.001 TITA + 0.011 
EBITTA 
     
 IType I error; misclassification of the result which predicts the case as non-distressed whereas 
the reality they are distressed firms. 
II Type II error; misclassification of result which predicts the case as distressed whereas the 
reality they are non-distressed firms. 
*Overall accuracy 
 
The results of using both approaches are the same in terms of the significant difference as 
both samples give approximately  97 per cent accuracy in classification. However, in the first 
approach there were two variables, i.e., TLTA and WCTA, which did not pass the tolerance 
criteria.  Thus, these variables were excluded and the second approach of using selected 
variables is considered more effective.  
 
Type I error, where distressed SMEs were misclassified as non-distressed SMEs, was 10.4 
per cent for the second approach. Type II error, where non-distressed SMEs were 
misclassified as distressed SMEs for the second variable approach was 0.6 per cent.  Since 
Type I error is normally the main concern of lenders and investors, the high percentage of 
Type I errors will have a negative effect to lenders and investors. The Type II errors may be 
of concern to the SMEs as they may fail to raise funds from creditors because of being 
misclassified as likely to fail. To minimize the Type I error is more beneficial to lenders and 
also helps to decrease the negative economic effects. In this regard, even though Type I error 
of the variable selection approach was slightly higher than the all variable approach, the 
model developed using this approach is an acceptable model since there is no variable that 
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fails the tolerance test. Therefore, the model’s 97.2 per cent predictive accuracy is considered 
to be high.  
 
As the overall accuracy of 97.2 per cent of cross-validated grouped cases is correctly 
classified, it can be concluded that the discriminant analysis model for Thai SMEs is useful in 
distinguishing between financial distressed and non-financially distressed firms. This 
percentage is also greater than the proportional chance criterion. Since group sizes are 
unequal, the proportional chance outcome is calculated by adding the squared proportion of 
individuals in group 1 to the squared proportion of individuals in group 2 (or CPRO = P2 + (1-
p)2) (Hair et al., 1998). Thus, the probability of correctly classifying the sample firms into the 
two groups for this study is 65.43 per cent (i.e., 0.22222 + 0.77782).  
 
Thus, the discriminant analysis (DA) model for Thai SME distress prediction is: 
 
D2 = -1.021 + 0.015CATA – 0.01LLTA + 0.007WCTA + 0.154DE + 0.001TITA + 0.011EBITTA 
Where, TLTA, CLTA, WCTA, LLTA, EBITTA, EAITTA, CATA, DE and TITA are as defined in 
Table 1. 
The average scores on the discriminant function for each group, which were -2.732 for 
distressed SMEs and 0.776 for non-distressed SMEs, indicate how the model discriminates 
between the groups (Table 7). The cut-off score of the discriminant function was -1.956. That 
is, where the discriminant scores for an SME in the sample was less than -1.956 the firm is 
classified as a potentially distressed SME and where the score was greater than -1.956, the 
firm was classified as potentially non-distressed SMEs.  
Table 7:   Case-wise Statistics (Variable selection approach) 
Case Number 
  
  Actual 
Group 
Highest Group Second Highest Group 
Discriminant 
Scores 
Predicte
d Group 
P(D>d | G=g) 
P(G=g | D=d) 
Squared 
Mahalanobis 
Distance to 
Centroid Group 
P(G=g | 
D=d) 
Squared 
Mahalanobis 
Distance to 
Centroid Function 1 p df 
Origi
nal 
1 1 1 .672 1 .991 .179 2 .009 9.515 -2.309 
  2 1 1 .031 1 1.000 4.642 2 .000 32.062 -4.886 
  3 1 1 .000 1 1.000 15.663 2 .000 55.731 -6.689 
  4 1 1 .824 1 .995 .049 2 .005 10.796 -2.510 
  5 1 1 .289 1 1.000 1.122 2 .000 20.859 -3.791 
  6 1 1 .282 1 .915 1.155 2 .085 5.919 -1.657 
  7 1 1 .136 1 .716 2.222 2 .284 4.068 -1.241 
  8 1 1 .599 1 .987 .276 2 .013 8.895 -2.207 
  9 1 2** .082 1 .515 3.018 1 .485 3.135 -.961 
  10 1 1 .494 1 1.000 .468 2 .000 17.573 -3.416 
  11 1 1 .276 1 .912 1.185 2 .088 5.852 -1.643 
  12 1 1 .156 1 .763 2.017 2 .237 4.358 -1.312 
  13 1 1 .592 1 .986 .287 2 .014 8.831 -2.196 
  14 1 1 .113 1 1.000 2.509 2 .000 25.927 -4.316 
  15 1 2** .585 1 .986 .298 1 .014 8.772 .230 
  16 1 1 .392 1 1.000 .734 2 .000 19.048 -3.588 
  17 1 1 .734 1 .993 .116 2 .007 10.032 -2.391 
  18 1 1 .398 1 .960 .713 2 .040 7.093 -1.887 
  19 1 1 .714 1 .992 .135 2 .008 9.865 -2.365 
  20 1 1 .528 1 .981 .398 2 .019 8.278 -2.101 
 : : : : : : : : : : : 
 : : : : : : : : : : : 
 217 2 2 .208 1 .850 1.585 1 .150 5.057 -.483 
Note: Actual group 1= financially distressed firm; Actual group 1= Non-financially distressed firm; Predicted group 1= financially distressed firm as classified by the model; 
Predicted group 2= non-**financially distressed firm as classified by the model. For example, Case 9 and Case 15 are misclassified by the model 
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The model was tested by taking a new dataset from a sample of 65 for the years 2006, 2007 
and 2008. Three groups of new and old cases of samples were used to test the classification 
accuracy of the model (D2) (Table 8). The first 20 cases are non-financially distressed firms, 
which were ranked as top 20 in profitability based on year 2009 data. Cases 21 to 40 are 
selected randomly from SMEs that went to bankruptcy court during the periods 2002 -2005 
(these are the old cases that were used as samples in developing the model). The use of these 
companies enables identification of the model’s ability to identify companies that have 
recovered from distress once they had lodged bankruptcy applications. A third group of 25 
cases (case 41-65) was then derived from companies that filed for bankruptcy after 2006 
(new cases that were not used in developing the model) to test the model on new cases. 
 
Financial statements of those three groups were obtained for three consecutive years from 
2006-2008. This period is subsequent to the years for which data were gathered to develop 
the model. The first group of the new cases with a high profitability shows that 18 of them 
did not exhibit the potential for financial distress, but the other two, i.e., cases 16 and 20, 
have a potential for distress.  
 
The second group in the sample is the cases used to form the model in this study but in 
subsequent years. Using the developed model (D2), the result shows that many of them are 
still in financial distress, but six cases (29-31, 33, 34, and 38) recovered from their stress and 
potentially became non-financially distressed firms.  
 
The result on the third group of the test is even more interesting. These new cases either filed 
for bankruptcy or were in the process of financial restructuring, which are most cases in 2008 
and 2009. The developed model has successfully classified the cases as potentially distressed  
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one year in advance of when the firms actually went into the court process. While there is a 
slight possibility of model error, case number 65 was classified as NFD, i.e., potentially non-
Table 8:   Case-wise Statistics ( Variable selection approach)
  
Company 
Discriminant score   
Predicted 
status   Year the company
 went to court 
  2008 2007 
 
2006 2008 2007 2006 
1 0.1863  -0.1147  0.7779  NFD NFD NFD Never 
2 -0.3208  -0.2917  -0.0386  NFD NFD NFD Never 
3 -0.4520  -0.3704  -0.5580  NFD NFD NFD Never 
4 -0.0535  0.2994  -0.6487  NFD NFD NFD Never 
5 -0.5594  -0.5375  -0.5847  NFD NFD NFD Never 
6 8.0389  11.7969  10.1501  NFD NFD NFD Never 
7 -0.0075  0.1849  0.3459  NFD NFD NFD Never 
8 -0.4354  0.1000  -0.1276  NFD NFD NFD Never 
9 0.2948  0.3862  0.3631  NFD NFD NFD Never 
10 21.5183  17.4060  20.0676  NFD NFD NFD Never 
11 -0.5255  -0.4127  -0.2369  NFD NFD NFD Never 
12 -0.3716  -0.5678  -0.5824  NFD NFD NFD Never 
13 0.0443  0.7289  -0.0592  NFD NFD NFD Never 
14 0.0204  -0.0990  0.0380  NFD NFD NFD Never 
15 -0.4734  -0.4331  -0.4073  NFD NFD NFD Never 
16 12.3416  -2.7143  -1.8776  NFD FD NFD Never 
17 -0.4251  -0.4908  -0.5175  NFD NFD NFD Never 
18 -0.1709  -0.0061  -0.0654  NFD NFD NFD Never 
19 -0.4871  -0.4121  -0.2188  NFD NFD NFD Never 
20 -2.6102  -2.3174  -2.4976  FD FD FD Never 
21 -4.4853  4.0202  -1.5888  FD NFD NFD 2002-2005 
22 -4.5322  1.3276  -2.0846  FD NFD FD 2002-2005 
23 -3.8703  -3.7797  -2.9727  FD FD FD 2002-2005 
24 -2.1937  -1.2492  -2.7636  FD NFD FD 2002-2005 
25 -1.9724  -2.1409  -2.1446  FD FD FD 2002-2005 
26 -2.1925  -2.3048  -1.5303  FD FD NFD 2002-2005 
27 -6.8682  -6.4948  -6.1965  FD FD FD 2002-2005 
28 -6.8013  -6.0938  -5.4242  FD FD FD 2002-2005 
29 -0.2892  -0.2845  -0.2114  NFD NFD NFD 2002-2005 
30 -0.3811  -0.3512  -0.4133  NFD NFD NFD 2002-2005 
31 0.5610  1.6129  -3.6056  NFD NFD FD 2002-2005 
32 -2.4279  -2.2818  -2.2593  FD FD FD 2002-2005 
33 3.8730  0.3836  -0.2455  NFD NFD NFD 2002-2005 
34 -1.4031  -1.1408  -1.1449  NFD NFD NFD 2002-2005 
35 -5.0483  -3.9165  -3.8633  FD FD FD 2002-2005 
36 -4.5560  -3.4370  -4.0444  FD FD FD 2002-2005 
37 -2.4179  -2.0403  -2.0913  FD FD FD 2002-2005 
38 -0.5619  -0.5063  -0.4967  NFD NFD NFD 2002-2005 
39 -3.9725  -4.1504  -16.6868  FD FD FD 2002-2005 
40 -2.0872  -2.2675  -2.5743  FD FD FD 2002-2005 
41 -2.1314  1.5047  0.2500  FD NFD NFD 2009 
42 -5.7862  -0.4635  -0.4616  FD NFD NFD 2009 
43 -7.1952  -0.4479  0.5113  FD NFD NFD 2009 
44 -4.3820  -3.9066  0.0795  FD FD NFD 2009 
45 -2.6044 -0.2073 -0.6321 FD NFD NFD 2009 
46 -5.8748 -4.9275 -4.0550 FD FD FD 2009 
47 -2.6128 -3.8280 -7.0651 FD FD FD 2009 
48 -3.5926 10.3252 6.9223 FD NFD NFD 2009 
49 -3.5414 -2.9664 -2.6609 FD FD FD 2009 
50 -5.8542 1.1115 0.8656 FD NFD NFD 2009 
51 -3.6616 -0.4663 -0.7317 FD NFD NFD 2009 
52 -1.8814 -3.2103 -0.5437 NFD FD NFD 2008 
53 -4.4750 -3.9033 -3.5929 FD FD FD 2008 
54 -2.1922 -2.9860 -4.3327 FD FD FD 2008 
55 -4.7228 -0.0804 -0.2052 FD NFD NFD 2008 
56 -2.3919 3.6840 0.1623 FD NFD NFD 2008 
57 -2.3396 -2.6735 0.4725 FD FD NFD 2008 
58 -2.5231 -3.5689 -0.7472 FD FD NFD 2008 
59 -2.5716 -9.2395 -45.4289 FD FD FD 2008 
60 -1.8894 -1.7486 -2.2102 NFD NFD FD 2008 
61 -34.6096 -35.3499 -15.4764 FD FD FD 2007 
62 -9.1004 -186.3174 4.6319 FD FD NFD 2008 
63 -2.5347 -2.1419 -2.3585 FD FD FD 2008 
64 -2.1527 0.1138 0.0080 FD NFD NFD 2008 
65 -1.7195 -1.9511 -1.9446 NFD NFD NFD 2008 
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financially distressed, but the model could not detect its distress.  Overall, the results of the 
new sample show reliability of the model developed in this study. Thus, the discriminant 
analysis model with measures of liquidity, profitability, and financial leverage classifies Thai 
financially distressed SMEs and non-financially distressed SMEs more accurately than a 
possible classification by chance.  
Discussion 
 
This study has empirically examined differences between financial profiles of financially 
distressed and non-financially distressed SMEs in Thailand. It has then developed and tested 
a discriminant analysis model to predict SMEs that are in financial difficulty and thus involve 
high financial risk. The first hypothesis is supported. The results show that distressed firms 
had lower liquidity, higher leverage and lower profitability ratios. The financial ratios of 
distressed firms were taken into the analysis to develop the prediction model. The second 
hypothesis is also supported. This hypothesis predicts that Thai SMEs failure is amenable to 
prediction to a statistically significant extent using a multiple discriminant analysis model.  
 
The predictive power of the model has a room for improvement. Non-financial variables such 
as age of business, level of education of business owners or managers, change of auditors, 
and other qualitative details of business managers, number of years established may also 
enable researchers to more effectively detect the signs of a financial distress (Altman et al., 
2008). However, the main focus of this study was to enhance the usefulness of accounting 
information by articulating individual ratios into a model. This is a useful approach as 
financial information is usually the only publicly available information about small firms 
(Deegan, 2009; Godfrey et al., 2010). Furthermore, the sample is drawn from various 
industries, which makes the model still amenable to improvement by focusing on specific 
industries. Models developed using financial data from some industries may not be highly 
accurate in predicting distress for firms in other industries as financial characteristics of firms 
cannot be expected to exhibit similarity across several industries. Developing models for 
particular sectors could improve the predictive power of the model as business failure tends 
to vary by type of business. For instance, in the United States, the retail sector was the second 
largest category of corporate business failure between 1992 and 1997 (Dun and Bradstreet, 
1998).  
 
The model developed for Thai SMEs in this study exhibits a difference from Altman and 
Sabato (2007) for American SMEs. The model in the present study shows that liquidity and 
leverage ratios make a greater contribution to the statistical significance of the model than 
profitability ratios. That is, while total liabilities to total assets, current liabilities to total 
assets, working capital to total assets, and long-term liabilities to total assets are shown as 
statistically significant variables, only EBITTA is shown as a statistically significant 
profitability ratio in the model. On the other hand, short term debt to equity, cash to total 
asset, EBITDA to total assets, retained earnings to total assets, and earnings before interest 
and tax to interest expense are predictive of credit worthiness for American SMEs (Altman & 
Sabato, 2007).   
 
The financial ratios are taken from the financial statements one year before the firms entered 
into the court process. The implication of this approach is that the developed models could 
enable distinguishing distressed firms from non-distressed firms most effectively only one 
year before the actual distress occurs. Several researchers in the past have covered a period of 
time up to five years prior to the occurrence of failure. To extend the number of years prior to 
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the occurrence of failure should assist the users of the models to identify and rectify financial 
problems before they reach a crisis.  However, the one year model is helpful in view of the 
requirements of Basel II Capital accord (Altman & Sabato, 2007).  In addition, despite the 
expected utility for decision making, increasing the number of years would mean that the 
model’s predictive accuracy will be reduced as several factors that impact of financial health 
of a firm cannot be forecasted with certainty. 
 
The utility of such a predictive model could normally be influenced by temporal bias.  To test 
how useful the model is after accounting for such a bias, the model has been tested using a 
new dataset of 65 sample SMEs for the period from 2007–2009. As the model exhibits 
adequate predictive power with the new dataset, it is established that the model has been as 
good with the years 2002–2005 as it is with post 2005. This would allow researchers to test 
the practical applicability of the model and update the model in order to enhance its accuracy.   
Conclusion  
 
This study has argued that financial data is usually the only publicly available information 
about SMEs, and thus there is a need to articulate this information into a model for predicting 
SME financial distress. The study has examined empirical evidence from Thailand to identify 
differences between financial profiles of financially distressed and non-financially distressed 
SMEs. It then developed and tested a discriminant analysis model for predicting SME 
financially distress. The first hypothesis is supported, which shows that there are statistically 
significant differences between financial ratios of financially distressed and non-financially 
distressed SMEs in Thailand. The results also show that financially distressed SMEs tend to 
exhibit lower liquidity than non-distressed SMEs, which arises from the greater use of short-
term liabilities. Financially distressed SMEs exhibit higher leverage than non-distressed 
SMEs and less profitability because of the higher amount of operating costs and interest 
expenses involved.  
 
The second hypothesis that the articulation of financial ratios in a discriminant analysis 
model enables classifying Thai financially distressed and non-financially distressed SMEs 
more accurately than a possible classification by chance, is also supported. The developed 
model for Thai SMEs differs from Altman and Sabato’s (2007) model for United States 
SMEs in that while liquidity and leverage ratios are the most significant in predicting 
financial distress in case of Thai SMEs, many profitability ratios had predictive significance 
in the case of the United States model. Thus, the results of suggest that debt crisis could be a 
concern for Thai SME. This implies that policymakers need to treat SME financing 
alternatives as a key priority to enhance SME sustainability. 
 
The study makes important contributions to the literature, practice and policy. It extends the 
literature in this area by developing and testing a model for Thailand, which can also be 
applied in other emerging economies. Furthermore, the study has validated the model using a 
new sample to test the model’s practical significance. This makes the model more practical 
than validating the model with a holdout sample. Policymakers’ ability to identify financial 
distress also assists the Government to predict and prevent distress by providing assistance to 
potentially distressed firms. Similarly, SME managers need to take this point into account in 
setting their business strategies. An understanding of their characteristics and having an early 
awareness of financial distress may assist in finding timely solutions to the problems. Further, 
the model is expected to be of value to business consultants in advising their clients on how 
to develop viable financial strategies.  
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It should be noted that a wide range of variables including non-financial data such as age of 
business, level of education of business owners or managers, change of auditors, qualitative 
details of business managers, and age of business may also enable researchers to more 
effectively detect the signs of a financial distress. Furthermore, the sample is drawn from 
various industries, which makes the model still amenable to improvement by focusing on 
specific industries. Future research could be done focusing on specific industries perhaps 
incorporating non-financial variables into the analysis.  
 
Notes: 
[1] Thailand had a total of 2,375,368 enterprises as of 2007, which constituted a 3.86 per cent 
increase over the 2006 number of enterprises. Out of the total number in 2007, a total of   
2,366,227, i.e., 99.6 per cent were SMEs. As of 2007, the largest number of SMEs i.e., 
41.13 per cent of all enterprises was in trade and repairs followed by 29.96 per cent in 
services and 28.24 per cent in production (Office of SMEs Promotion, 2007). 
[2] THB (Thailand Baht) is the official currency of Thailand. As of April 2010, THB 32.2550 
approximately equals 1US$ (X-Rate, 2010). 
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